Abstract-Effects of temperature dependent viscosity and thermal conductivity on a two-dimensional steady laminar MHD free convective flow over a vertical porous flat plate immersed in porous medium with viscous dissipation and heat generation have been studied in the present work. The boundary layer equations are transformed into ordinary differential equations using similarity transformations. The effects of variable viscosity, variable thermal conductivity and the parameters involved in the study on the velocity, temperature and concentration profiles are investigated by solving the governing transformed ordinary differential equations with the help of Runge-Kutta shooting method and shown graphically and in tabulated form and discussed in detail. The effects are significant.
I. INTRODUCTION
The study of free convection flows, which occur in nature have become a potential topics because of its wide applicability in geophysical and industrial fields such as chemical engineering process or drying process. By using electrically conducting fluids and the magnetic fields one can control many metallurgical processes involving cooling of continuous strips. The practical importance of heat generation or absorption effects is followed in some physical problems such fluids undergoing exothermic or endothermic chemical reactions. Raptis and Perdikis [1] investigated viscous flow for a non-linearly stretching sheet with chemical reaction and magnetic field. Samad et al. [2] studied natural convection flow through a porous medium considering the effect of magnetic field with thermal radiation, viscous dissipation and variable suction. The influence of magnetic field on heat and mass transfer by natural convection from vertical surfaces in porous media with Soret and Dufour effects has been carried out by Postelnicu [3] . Ahammad and Mollah [4] studied the MHD free convection flow and mass transfer problem over a stretching sheet considering Dufour & Soret effects with magnetic field. In the presence of a magnetic field natural convection for an electrically conducting fluid was analyzed by Lykoudis [5] . Gupta [6] discussed steady and transient free convection of an electrically conducting fluid from a vertical plate in the presence of magnetic field. Ravikumar et al. [7] carried out a steady free convective and mass transfer flow of an electrically conducting viscous fluid through a porous medium bounded by two vertical plates. Dufour and Soret effects on free-forced convection flow past a vertical porous plate immersed in a porous medium for a hydrogen-air mixture as the non-chemical reacting fluid pair was reported by Alam et al. [8] . Further Alam et al. [9] took into account the viscous dissipation effects on MHD natural convection boundary layer flow over a sphere of an electrically conducting fluid in the presence of heat generation. They reported that for increasing values of heat generation parameter, the skin-friction coefficient increases whereas the Nusselt number decreases significantly within the boundary layer. Sattar and Kalim [10] presented unsteady free convection interaction in a boundary layer flow past a vertical porous plate with thermal radiation. Kairi and Murthy [11] investigated the Soret effect with the influence of variable viscosity on natural convection from a melting vertical surface in a non-Darcy porous medium saturated with Newtonian fluid of variable viscosity. Seddeek and Salama [12] carried out the effects of temperature dependent viscosity and thermal conductivity with variable suction on unsteady MHD convective heat transfer past a vertical moving porous plate. Considering the internal heat generation/absorption and suction/blowing effects the flow and heat transfer of a fluid through a porous medium over a stretching surface was investigated by Cortell [13] . Kafoussis [14] calculated local similarity solution for mixed convective and mass transfer flow past a semi-infinite vertical plate. Alam et al. [15] analyzed the effects of variable chemical reaction and variable electric conductivity on free convective flow with heat and mass transfer over a stretching sheet considering Dufour and Soret effects. Convection heat transfer of non-Newtonian power-law fluids past a power-law stretched sheet with surface heat flux under the influence of magnetic field and suction/injection was performed by Chen [16] . Anghel et al. [17] studied Dufour and Soret effects on free convection boundary layer over a vertical surface embedded in a porous medium. Alam et al. [18] investigated the mixed convection and mass transfer flow past a vertical porous plate in a porous medium in the presence of heat generation and thermal diffusion. Rahman et al. [19] presented the effects of Reynolds and Prandtl numbers on MHD mixed convection in a lid-driven cavity along with joule heating and a centered heat conducting circular block. Ahammad et al. [20] investigated the influence of inlet and outlet port in a ventilated cavity containing a heat generating square block. They found that the location of inlet and exit plays a significant role on both the flow and thermal fields. Alam et al. [21] studied the thermophoretic particle deposition on unsteady hydromagnetic radiative heat and mass transfer flow along an infinite inclined permeable surface with viscous dissipation and joule heating. Esmaeil Khaje et al. [22] analyzed the effect of heat generation on free convection boundary-layer flow over an arbitrarily impermeable inclined surface in a saturated porous medium.
Very recently Ahammad, M.U.,Obayedullah Md. And Rahman, M.M. [23 ] have studied on MHD free convection flow along a vertical porous plate embedded in a porous medium with magnetic field and heat generation.
In all the aforementioned analysis the combined effects of the temperature dependent viscosity and thermal conductivity and viscous dissipation with magnetic field and heat generation have not been studied. In most of the earlier studies, the viscosity and thermal conductivity of the fluid were assumed to be constant. However it is known from the work of Herwig and Gerstem [24] that these properties may change with temperature, especially the fluid viscosity. The concept of variable viscosity was first introduced by Ling and Dybbs [25] , on their study of forced convective flow in porous medium. When the effects of variable viscosity and thermal conductivity are taken into account, the flow characteristics are significantly changed compared to the constant property case. In the present study an attempt has been made to incorporate the combined effects of the variable viscosity, variable thermal conductivity and viscous dissipation on MHD free convection flow along a vertical porous plate embedded in a porous medium with magnetic field and heat generation. . Following Lai and Kulacki [26] , the fluid viscosity and thermal conductivity are assumed to vary as an inverse linear functions of temperature.
II. MATHEMATICAL ANALYSIS Consider a steady two-dimensional heat transfer flow of a viscous and incompressible electrically conducting fluid along a vertical stretching permeable sheet in a porous medium with viscous dissipation and heat generation. The flow is taken in the xdirection, which is along the plate in the upward direction while the y-axis is taken to be normal to the plate. The velocity components u and v are taken in x and y directions respectively. A transverse uniform magnetic field of strength 0 B is applied in the y-direction and it produces magnetic force 2 0
The analysis is based on the following assumptions:
 The fluid has constant physical properties, except for the fluid viscosity and thermal conductivity, which are assumed to be inverse linear functions of temperature.  The magnetic Reynolds number is assumed to be small so that the induced magnetic field is negligible. Using the Darcy-Forchhemier model together with the Boussnesq's and the above boundary-layer approximations the current problem is governed by the continuity, momentum, energy and concentration equations respectively are given by:
where   is the fluid density in the free stream,  is the viscosity of the fluid, g is the acceleration due to gravity,  is the volumetric coefficient of thermal expansion, T is the fluid temperature inside the boundary layer, T  is the fluid temperature in the free-stream,  is the electrical conductivity, k is the Darcy permeability constant, b is the stretching rate, p c is the specific heat at constant pressure,  is the thermal conductivity of fluid, 0 Q is the volumetric rate of heat generation, C is the concentration of the fluid within the boundary layer, m D is the molecular diffusivity of the species concentration.
The boundary conditions are given as:
where ( ) w v x represents the permeability of the porous surface where its sign indicates suction (< 0 ) or injection ( > 0 ).
The velocity components along the axes can be expressed as:
... (6) where  is the stream function such that the continuity equation is satisfied.
Now we introduce the following similarity transformations [27] with dimensionless stream function   f  given by:
where   is the kinematic viscosity of the fluid in the free stream.
From Eqs. (6) and (7a), the velocity components become:
where the prime ( ) denotes derivative with respect to  .
It is known that, viscosity and thermal conductivity are inverse linear functions of temperature, following Lai and Kulacki [26] , we assume
... (14) where the dimensionless parameters are defined as follows:
is the temperature buoyancy parameter, Gr is the Grashof number, The boundary conditions (5a) and (5b) become: For the present problem the local skin-friction coefficient, the local Nusselt number and the local Sherwood number are the parameters of engineering interest which are given respectively as below:
is the shearing stress.
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The governing Eqs. (12)- (14) with boundary conditions given in Eqs.(15a)-(15b) are solved numerically by using RungeKutta Shooting method.
III. RESULTS AND DISCUSSION
The system of differential equations (12)- (14) For various values of the viscosity parameter r  , the velocity profiles are plotted in Fig. 1 and Fig.2 . It can be seen that as r  increases, the velocity decreases.
In Fig.3 we are observing that the effect of viscosity parameter r  on the temperature profile. It is observed that the temperature increases as the viscosity parameter increases. The missing values of (0) f  , (0)   and (0)  are estimated from Table 1 to Table 8 Table 9 to Table 16 demonstrates the effects of various parameters on coefficient of skin-friction f C , which represent the plate shearing stress, heat transfer coefficient in term of Nusselt number Nu and mass transfer in term of Sherwood number Sh .
From Table 9 and Table 10 It is observed from Table 11 and Table 12 that rate of skin-friction and mass transfer retard due to increase of both thermal conductivity parameter c  and magnetic parameter M whereas rate of heat transfer enhances due to increase of c  and retards due to increase of M. Table 13 and Table 14 indicates the influence of Eckert number Ec on coefficient of the skin-friction, the rate of heat transfer and the rate of mass transfer for various values of the viscosity parameter r  . It is seen that that the skin-friction coefficient and mass transfer increase due to raise the Eckert number but the rate of heat transfer decreases with it. Table 15 and Table 16 reveal that the enhancement of the Eckert number makes raise skin-friction coefficient and mass transfer whereas heat transfer decreases. It is observed for various values of thermal conductivity parameter c  . IV. CONCLUSIONS The combined effects of the variable viscosity, thermal conductivity and viscous dissipation on MHD free convection flow along a vertical porous plate have been studied numerically. From the present investigation the following conclusions were made:
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 When the effects of variable viscosity and thermal conductivity are taken into account, the flow characteristics are significantly changed compared to the constant property case.
 Velocity decreases with the increase in the viscosity parameter r  , thermal conductivity parameter c  and magnetic parameter M, while that of increases with increase of Eckert number Ec.
 Temperature increases when the viscosity parameter r  , magnetic parameter M and Eckert number Ec are increased. But temperature decreases when thermal conductivity parameter c  is increased.
 Viscosity parameter and thermal conductivity parameter retard the concentration profile while that of magnetic parameter and Eckert number enhance it.
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 Coefficient of skin-friction decreases for increasing values of the magnetic parameter, thermal conductivity parameter, and negative values of viscosity parameter while that of increases for increasing values of the Eckert number and positive values of viscosity parameter.  Rate of heat transfer enhances due to increase of viscosity parameter and thermal conductivity parameter, but retards due to increase of magnetic parameter and Eckert number.  Rate of mass transfer increases with the increase in the viscosity parameter and Eckert number, but decreases with increase of thermal conductivity parameter.
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